UNCLASSIFIED 


AD  NUMBER 


AD834638 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Critical 
Technology;  OCT  1966.  Other  requests  shall 
be  referred  to  Department  of  the  Army, 

Fort  Detrick,  Attn:  Technical  Releases 
Branch,  Frederick,  MD  21701. 


AUTHORITY 


Fort  Detrick/ SMUFD  ltr  dtd  15  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


£$834638 


TRANSLATION  NQ. 

DATE: 


DDC  AVAILABILITY  NOTICE 

■r  ' 

Reproduction  of  this  publication'  In  whole  or  In 
port  la  prohibited.  However,  DDC  la  authorised 
to '.reproduce  the  publication  for  United  Statea 
Go  tar  assent  purpoeer. 


m: 

'  \-j 


SXiTBBBR  #S  UNCLASSIFOB  > 


This  document  la  snbjeot  to  spool  al  export  oontrols  end  each 
transmit}',  to  foreign  governments  or  foreign  nationals  nay  be 

node  only  with  prior  approval  of _ — *___ 

DEPARTMENT  Of  THE  ARMY 


Fort  Detrick  . 

Frederick,  Maryland  gU  74" 

vtflh  .1&oX &£t*  • 


L AIMER  NOTICE 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


siiVJiS  22?0;c?  pci  Aisum&H  miojicf  71-310-1-307,  1966 

D  OTHBl  PILTBRS 


piopd-giis  0?  .113  bu:j  ph?_is  1 

FGH  VIHUSAS  PBOi-i  Aim" 


(Following  is  a  report  by  Prof,  Dr,  K.  2rar.dis,  Director 
Hyg leas  Institute  of  University  cf  ^mtiingon,  Geraaay. 
Translation  porf oread  by  Constance  L.  Lust.) 


It  was  to  be  assumed  that  membrane  filters  and  other  similar  filters 


f  have  a 
is  not 


retention  property  for  filtering  viruses  from  air.  This  property 
absolute.  It  was  eOr "task  $A  the  research  project  to  obtain^ 
quantitative  data  about  high  capacity  cf  filtering  from  virus-aerosflls. 
.'■Iso  quantitative  data  wore  needed  about  the  degree  of  vpresunwfably 
small )  penetrability  of  the  filters. ,  i he  most  sensitive  tests  were 
to  be  used  to  show  this.  / " 


Our  course  had  to  consider  the  following  points: 

1)  Determining  the  filter  capacity,  2)  Possibilities  for  a  sensitive 
demonstration  of  virus  aerosols,  3)  Retention  properties  of  filters  for 
viruses  in  aerosols. 

In  order  to  find  a  suitable  experimental  arrangement  (.nozzle,  course 
of  aerosol,  chanber,  etc.)  we  undertook  a  literature  study  at  first, 
it  the  same  time  this  was  to  inform  us,  whether  other  similar  investigations 
were  already  in  progress. 

I)  Literature  Study: 

V'e  could  not  find  any  reports  TTith  quantitative  data  about  the  re¬ 
tention  properties  of  filters  for  filtering  virus  aerosols. 

Spray  nozzle:  In  the  U.S.A.  the  "Co llis in-- Spry  “  is  used  extensively, 
which  makes  80-85#  of  the  droplets  between  3.0  and  0.5  microns.  It  is 
also  built  into  the  "Henderson  Aerosol  Apparatus ",  as  was  deserfb  ed  by 
Henderson  in  19pl.  Other  apparatuses  to  make  smoke  (fog)  found  in  the 
american  literature  are  described  by  Bcrgu«n  et  al.  (.1961) .  In  the 
russian  literature  "Burkow's  duster"  is  mentioned  frequently,  as  for 
example  by  Gaidamovitsch  and  VlocLavec  (1963).  For  us  it  was  easiest 
to  obtain  the  nozzle  (.ileus ilber  Nozzle)  from  Drager  Lubeck  (.H218),  where 
particles  are  13 . 7 under  0.7  micron,  35.7-o9.9t  between  0.7  and  5  microns. 
Only  a  very  small  percentage  of  particles  are  greater  than  5  microns. 

This  nozzle  was  similar  to  the  "Collisbn-Spray"  and  was  suitable  for  our 
experiments. 

Apparatus  for  releasing  and  containing  aerosols: 


♦ 


In  the  literature  tiro  principles  are  described: 

a)  dynamic  system  *  aerosol  is  in  contrast  circular  notion  and  new 


aerosel  replaces  the  used  or  released  aerosol. 

b)  static  system  »  aerosol  is  in  large  chain!  rs  and  by  removing 
samples  its  stability,  sedimentation  etc,  is  studied. 

The  dynamic  system  is  incorporated  in  the  Hcnderson-apparatus, 

■which  is  well  suited  for  studying  infections  via  aerosols  (.Alborg  and 
Goldberg  1967;  Bolfe  19ol).  Because  of  the  difficulty  in  obtaining 
it  in  the  time  allotted  to  this  project,  as  well  as  because  of  its 
v6,000  price  tag  it  i;as  not  considered  for  these  planned  experiments. 

A  disadvantage  of  this  equipment  appeared  to  be  the  impossibility  of 
sterilization;  the  procedures  for  disinfecting  the  apparatus  appeared 
to  be  problematical  to  me. 

Aerosol  chambers  were  described  by  BTosrg  and  Henderson  (1967), 

Harper  et  al.  1.1967),  Hood  (.1963)  and  Shrlicli  et  al.  11966).  A 
thorough  overall  view  about  the  various  types  is  described  by  VJolfc 
(1961);  several  good  descriptions  also  by  Goldberg  et  al.  (1953)  and 
Zhahlko-Titarenko  (i960).  The  chambers  are  in  part  rotating  drums  and 
are  rather  large  (up  to  1600  liter),  in  aerosol  chamber  in  which  a  voiuntar 
subject  can  be  exposed  to  aerosols  was  described  by  Griffith  (1963).  These 
chambers  appeared  to  b  e  not  wholly  suited  for  our  experiments  because  of 
unintential  loss  and  mixing  of  the  aerosol. 

2-fethods  for  demonstrating  virus  in  aerosols: 

Bacteria  have  been  shova  to  be  la  aerosols  for  many  years  (bills 
1933,  Houlten  ot  al.  1963).  Various  techniques  are  used  in  those  methods. 

Of  particular  interest  is  the  "Anderson-Sampler"  whoc  h  also  gives  separation 
of  particle  size  (Anderson  1953).  Two  principles  are  found  in  the 
literature  for  demonstrating  viruses  in  aerosols,  a)  Collecting  the  aerosol 
in  liquids,  or  via  adsorption-aerosols,  b)  collecting  the  aerosols  on 
filters. 

Collection  of  aerosols  in  liquids  is  carried  out  with  impingers  of 
various  kinds  and  was  described  comprehensively  by  'Tyler  and  Chipe  (1955) 
and  in  the  Public  Health  Monograph  No.  6d6  (1959).  In  the  english  litera¬ 
ture  the  "All-Glass-Impinger *  is  used  extensively,  in  the  russian  literature 
the  “Djakonow— Apparatus"  (Vlodavec,  1957,  1958;  Gaidamovitsch  et  al.  1959) 
is  used  primarily.  Collecting  aerosols  by  adsorption  on  a  second  aerosol 
is  the  principle  used  in  the  collector  of  Heconensly  described  in  the  russian 
literature  (also  Gaidamovitsch  1963),  as  well  as  in  the  "atomize  r-sample 11 
of  Moulton  (Albrecht  1 955).  Gelatin.' filters  are  mentioned  primarily  as 
filters  for  viruses. 

Several  leads  as  to  the  performance  of  various  methods  are  found  in 
the  Public  Health  Monograph  Publication  No.  686  (1959),  and  Publication 
No.  953  (1962),  and  in  VLodavec  (1957,  195> ).  6re  found  no  quantitative 
results  about  collecting'  tire ses  "'from  air. 

2}  Testing  the  materials: 

In  order  to  aVoid  experimental  errors  because  of  residual  virus. 
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or  if  this  v as  abclded  by  disinfectants,  then  the  chemicals,  we  chose  to 
utilise  a  demountable  apparatus  the  in diva dual  components  of  which  could 
be  sterilized  by  autoclaving.  The  vessels  were  of  glass,  connectors 
-VO  tubing,  the  nozzle  of  nickel  silver  (German  silver),  the  filter 
holding ' 1  clean :  1  of  metal.  The  filter  was  of  synthetic  materials  and  could 
be  used  only  once. 

i'e  began  the  experiments  with  a  bacteriophage.  Coliphage  T3  was 
suitable,  it  made  large  phages  as  an  indicator  strain  A.  coli  3.  This 
u as  especially  useful,  since  we  wanted  to  demonstrate  bacteriophages  on 
the  filter  by  means  of  bacterial  strain.  The  bacterial  growth  was  to 
develop  on  these  filters. 

From  the  large  number  of  impingers  we  chose  the  Bjakonow-Apparatus 
mentioned  in  the  rucsian  literature  (this  was  made  by  glass  blowers  ac¬ 
cording  to  descriptions  in  the  literature),  as  well  as  the  All-G]a ss- 
Inpinger  mentioned  in  the  english  literature  <A11  Glass  J-nc,  Vineland, 

IT.  v.),  h’o  ao’ded  1-2  drops  of  defoamer  3  10 0  (Silicon  emulsion  Farben- 
fabrikon  Bayer,  Leverkusen.)  he  used  5  •  — .  Bacto  Hutrient  broth  for  the 
Djakonow  apparatus,  and  20  ml  for  the  Aii-Giass-Inpinger.  Antifoamer. 
was  added"  after  we.  had  satisfied  ourselves  that  iu  had  no  inactivating 
effect  on  phages.  'Me  could  not  use  the  al.3ir.ate  filters  because  of  their 
extremely  low  ability  to  pass  air.  Wh  used  3  kinds  of  filters:  l) 
gelatin  filters  tf-I F  gelatine)  \.50  mm)  from  the  Membrane  Filter  Co.  of 
Gottingen,  2)  membrane  filter  MF  1G,  12,  15  v.50  mm)  same  company  as  in 
(.1)  and  V?  10  vU7  mi)  IiA  -J.kS  (37  ram)  from  Hillipore  Filter  Corp., 

Bedford  Mass.,  3)  i-icrosorbane  filters  (50  mm)  from  Dclbag  Air  Filter 
Company,  Berlin.  As  filter  supports  we  used  those  of  the  Membrane  Filter 
Cox-p  ani  the  Clinical  Monitors  of  synthetic  material  ’which  come  with 
the  MLliipore  HA  V.U5  filters.  As  we  observed  the  ability  of  filters 
to  pass  air,  we  concluded  that  perlraps  the  aerosol  passes  through  the 
filter  in  the  support  area.  *fe  therefore  also  used  plater)  a  high 
pressure  filter  holder  (Millipore  Corp.),  wiiich  circumvented  this  dangers 
in  large  part. 


3)  Testing  of  the  condition., : 


From  the  literature  it  was  seen  that  the  best  physical  conditions 
for  aerosols  are  present  when  one  works  in  two  dynamic  system  (flowing). 

Me  therefore  wanted  to  duplicate  these  conditions  in  our  trials .  Thus 
far  this  lias  not  been  wholly  successful}  technical  difficulties  arose 
in  that  the  pressure  and  suction  made  an  simultaneous  aerosol  channel 
which  could  only  be  directed  to  the  indicator  system  after  all  c  onditions 
and  equilibrated  (stablized). 

Initially  we  started  preliminary  experiments  with  a  mixed  dynamic  static 
system  with  which  we  did  not  have  these  difficulties  (Figure  l).  The  aerosol 
was  made  under  constant  pressure,  which  came  from  a  compressed  air  tank  via 
a  reduction  valve.  The  aerosol  was  carried  via  connecting  tubing  to  a 
chamber  v.2+6  liter  glass  jars)  and  there  it  introduced  through  a  flow  meter 
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to  2  o.'  3  impingers  (.Fischer  and  Porter  Corp.,  Gottingen).  The  chamber 
thusly  filled  with  aerosol.  After  a  "spray  tine"  of  U  or  S  minutes  this 
part  of  the  trial  was  stopped.  The  tales  up  and  release  valves  (Solidex 
5  am)  of  th-  aerosol  chamber  were  closed  and  the  aerosol  was  sucked 
over  2  imping*. or  2  filters  via  a  third  valve  with  a  romp  in  the  second 
part  of  the  experiment.  The  physical  disadvantages  of  this  method  lie 
in  Idle  fact  that  high  density  of  aerosol  in  the  first  part  and  in  the 
lowering  air  pressure  in  the  second.  The  latter  effect  may  alter  the 
vapor  pressure  of  the  aerosol  and  consequently  perhaps  change  the  particle 
size.  Vie  thought  we  co'ild  begin  the  experiments  because  the  air  temperature 
was  220-21i°C  and  relative  humidity  of  the  room  was  25£-k5*'  Aa  advantage 
of  the  method  was  that  the  transient  static  conditions  of  the  aerosol  in 
the  chamber  aid  in  establishing  equilibrium  with  the  course  dispersion 
(the  chambers  were  2  or  6  liters).  Two  or  six  liters  of  acrosel  could 
be  siphoned  off  and  the  results  could  be  compared  on  a  basis  of  pear 
liter  of  aerosol. 

It  became  apparent  that  a  constant  diameter  of  aerosol  were  desirable 
in  the  system,  and  no  sharp  deviations  were  allowable.  In  all  places 
where  aerosol  came  in  contact  with  objects  a  settling  occurred.  Vie  kept 
the  width  of  5  ma  in  the  glass  tubing  and  ?  mm  in  the  PVC  tubing.  This 
aspect  of  the  trial  virus  was  checked  with  the  aid  of  "colored-aerosols.11 

Methods 

1)  Impinger  experiments  (see  also  Fig.  l) 

The  compressed  air  is  introduced  at  a  constant  1,$  atm  via  a  PVC 
tubing  into  the  nozzle.  The  nozzle  is  placed  into  the  glass  vessel  so 
that  the  level  of  liquid  is  below  the  nozzle.  The  liquid  to  be  aerosolized 
is  sucked  up  thru  a  short  piece  of  tubing.  In  this  way  the  larger  aerosol 
droplets  fly  against  the  wall  of  the  container  and  flow  back  into  the 
phage  suspensions.  Only  the  finer  droplets  of  loaded  aerosol  reach  the 
aerosol  chamber. 

At  the  beginning  of  the  experiment  valves  I  and  H  of  the  chamber  are 
opened.  The  source  comics  via  tap  I,  thru  II  the  take  off  over  impinger  I 
and  H.  A  flow  meter  is  attached  after  the  impingers.  The  "spray  time" 
is  kept  constant  at  h  or  8  minutes  in  order  to  standardize  the  method. 

The  nozzle  delivers  6  liters  of  aerosol  per  minute  under  those  conditions. 

After  stopping  this  part  of  the  experiment  the  air  pressure  is  cur¬ 
tailed  by  closing  valve  I  and  II.  Tap  III  is  opened  and  the  2  liters 
(or  6)  inside  the  chamber  are  sucked  up  over  impingers  III  and  IV.  The 
number  of  phages  so  collected  on  the  impingers  is  a  measure  of  the  con¬ 
centration  of  the  phage  in  the  aerosol  chamber. 

In  this  experiment  the  quantity  of  phage-suspension  in  the  U  or  d 
minute  spray  were  also  determined  gravimetrically.  An  average  valve 
was  0.6-1. 2  ml.  If  this  volume  is  converted  to  the  concentration  in 


U. 


tie  original  suspension  one  obtains  th~  svsiber  of  "grayed  phages",  and 
-his  c:n  be  compared  to  those  collected  by  the  impingsrs.  The  difference 
between.  the  sprayed  and  collected  number  of  phages  is  das  to  physical 
and  biological  loss. 


i  j  2  _j_ 


f-.e  procedure  w^.s  slih„r  to  that  of  the  inpinger  experiments, 
inane  a-  of  f.^lnger  I  and  II  a  hose  ia  connected  directly  to  a  flow 
sister,  and  instead  of  imuinger  III  ana  IV  tap  III  is  connected  to  a  filter 
holder.  The  experiment  is  again  done  in  two  parts.  2ho  chamber  is 
filled;  the  contents  are  then  sucked  ever  a  filter.  One  must  differentiate 
between  a)  use  of  soluble  filters  which  can  give  quantitative  data  similar 
to  the  impingers,  b)  use  of  water-insoluble  filter  which  only  yield 
quantitative  results  ante  low  phage  concentrations.  At  high  concentrations 
one  can  only  utilise  their  retenuion  properties. 

C-rqup  a)  Gelatin  filters.  They  allow  air  to  pass  (.2.7  liters  per 
-It  cm*  at  a  pressure  differential  of  pCO  m  VIS;  according  to  the  supplier) 
and  are  water  soluble,  especially  when  the  solution  is  warmed  somewhat. 

They  are  weal:  and  tear,  and  only  few  exge  rinonts  succeeded  whore  the 
fi_ters  did  not  bred.  Gelatin  filters  are  available  “fine"  and"coarse". 
g-'d-S  supposedly  (supplier)  corresponds  to  a  porosity  of;  coarse  2.0  microns 
hagca-rciseuille  and  3.0  mic  --ns  by  mercury  intrusion  phenomenon;  fine 
0.6  nieorns  and  0.15  microns  respectively. 

'Jo  used  coarse  filters  mainly,  since  the  fine  filters  were  technically 
difficult  to  make.  The  use  of  the  gelatin  filters  was  similar  to  that 
of  impingers.  hip'-’t  after  use  the  gelatin.  filters  were  dissolved  ia 
5-0  ml  Bacto  dutr.  Broth  at  37oC.  Solution  is  complete  after  20  minutes. 

The  solution  was  subsequently  titrated  and  worked  up. 

Group  b)  l-bmbrane  filters  K71G,  12,  15,  V?  10,  Hi  o.U5.  According 
to  the  supplier  these  filters  hold  bade  materials  on  their  upper  surface. 

The  micro sorbanef  liters  are  also  water-soluble,  but  are  not  made 
according  to  the  principle  of  the  membrane  filter.  They  filter  by  a  deep- 
*  ^  wdon  ac  uxon.# 

Hie  supplier  lists  the  pore  sizes  as:  K?  10  by  Hagen-Poiseuille 
0.1  microns;  by  Ilg  intrusion  0.01  micron;  11?  12  0.15  +  0.05,  1*215  0.2? 

+  0.15;  V?  10  10  ±  2  aicron,  Hi  C.U5  0.U5  microns  (4  .2)  Mo  pore  size 
was  listed  for  nicrosorbane  filters. 

These  filters  were  used  as  follows  (except  nicrosorbane ) ;  right  after 
the  trial  the  filters  were  placed,  bottom  side  down,  on  a  dried  agar  plate 
and  ovorlayed  with  enough  Coli-2ouillon  ^overnight  culture,  2  hr.  culture). 
Hie  filter  is  then  dried,  with  the  lid  open,  for  20  minutes  in  an  incubator. 
*1— at  morning  the  counting  of  phages  and  other  calculations  are  made. 


JQte  first  filter  can  only  bo  used  at  low  phage  concentration,  since 
at  1QV»1  confluent  lysis  is  observed.  The  retention  properties  of  the 
first  filter  are  cheeked  with  the  aid  of  a  second  filter  in  the  row, 

MLeroeorbane  filters  could  not  be  used  with  the  agar  plate  method 
because  of  their  special  construction.  With  those  filters  the  retention 
properties  (capacity)  were  merely  investigated. 

Results 

1)  Dose  of  sprayed  bacteriophages: 

Two  sets  of  experiments  were  employed  so  that  we  would  not  have  to 
measure  the  dose  of  phage  to  be  sprayed.  The  nozzle  was  used  at  constant 
air  pressure  for  k  and  o  minutes.  The  sprayed  volume  of  bacteriophage 
suspension  was  therefore  determined  gravimetrically.  The  nozzle  and 
tubing  were  simply  weighed  before  \ empty)  and  when  full  with  phage  sus¬ 
pension.  We  found  that  a  spray  time  of  U  minutes  used  an  average  volume 
of  0.6  ml  to  make  spray:  for  8  minutes  the  average  ' 1  spraye d- volume  “ 
was  1.2  ail  (see  table  1). 

Therefore  by  keeping  the  conditions  constant  we  could  assume  that 
in  our  further  ejqx  rlaants  the  dose  of  sprayed  bacteriophage  was  constant. 

2)  Beocrvery  of  bacteriophages: 

Of  the  sprayed  phages  an  average  of  23?  wore  recovered  in  the  im- 
pingers.  The  greatest  quantity  was  found  In  impinger  I;  impinge r  II  only 
received  17?  of  that  of  I;  impinger  Ha  about  of  H  vsee  table  2,  3a 
and  3b).  There  was  no  apparent  difference  between  the  D j akonow- Apparatus 
and  the  All-Qlass-Impinger,  The  phages  recovered  from  the*elttiKber  were 
only  a  small  percentage  of  the  total  recovered;  at  the  1*  minute  spray 
time  in  a  2  liter  Chamber  was  about  0.83?  cf  the  sprayed  phages  (see 
table  2)«  In  impinger  17  about  h2?  of  impinger  Ill  was  still  found  tsee 
table  2,  3a,  3b).  The  relationship  between  the  dose  of  sprayed  phages 
and  the  total  recovered  was  relatively  constant. 

3)  Humber  of  phages  in  the  chamber  aerosol: 

It  was  important  to  determine  the  number  of  phages  in  the  aerosol  in 
the  chamber  in  reference  to  the  experiments  with  water-soluble  filters 
since  this  was  important  to  calculate  the  filter  capacity.  As  already 
mentioned  v2)  the  number  of  phages  recovered  on  inpinger  III  and  IV  and 
in  the  chamber  were  in  a  relatively  constant  relationship  with  the  amount 
of  sprayed  phages,  when  the  spray- time  and  the  volume  of  the  chamber  wore 
eonstantj  0.83?  of  the  sprayed  phages  wore  then  recovered  in  the  chamber. 
*lben  the  spray-time  was  doubled  and  a  6  liter  chamber  this  relationship 
must 'Change  aooording  to  the  ratio  3:2.  This  was  the  ease.  The  phages 
raoevered  from  a'6  liter  ohamber  with  an  8  minute  spray  time  woro  1.3?  of 
the  sprayed  phages  (Table  3a  and  3b).  In  this  oase  the  Dj akonow  and  AU- 
Olaaa- Impinger  gave  the  same  values.  The  results  obtained  with  impingors 
wne  compared  with  those  of  golatin  filters.  It  the  same  results  woro 
detained  by  using  two  different  starting  principles  the  conclnaiona  can 
fee  assessed  with  greater  certainty. 


Table  1;  shows  that  with  an  6  minute  spray  tLme  with  gelatin  filter  1  .5/* 
of  the  sprayed  hu-ges  wore  recovered  is  the  6  liter  chamber. 

starting  wiih  different  concentrations  provided  additional  proof  that 
a  conusant  ratio  eiieteu  between  the  number  of  "sprayed  xfiagos"  with  re¬ 
spect  to  a  definite  phage-concenura  ion  in  the  aerosol  chamber.  In  figure 
2  it  can  be  seen  that  a  linear  relationship  e:±sts  for  iapingers  as  '..nil 
as  for  gelatin  filters  between  the  starting  concentration  and  p’m.gc  con¬ 
centration  in  'the  aerosol  chamber,  the  slope  of  the  relationships  il¬ 
lustrated  was  abour  o°. 

Since  inpingers  coed  gelatin  filters  yield  equivalent  results  about 
the  concentrations  in  the  aerosol  chanter,  these  results  appear  to  repre¬ 
sent  the  actual  phage  concentrations  in  the  chanter.  It  represents  a 
useful  statement  (specification)  about  idle  eoatent  of  the  capacity  of  the 
filter  through  which  the  contents  of  the  aerosol  chamber  are  conducted. 


c,)  The  sensitivity  of  different  methods  for  demonstrating  bacteriophages 
from  aerosols: 

me  figure  2  one  can  also  see  the  relationship  of  the  phages  remaining 
in  the  chamber  to  the  dose  of  the  spray-ea  phages  in  the  different  methods, 
it  higher  concentrations  of  starting  concentrations  the  gelatin  filters 
show  somewhat  more  phages  in  the  chamber  than  the  third  i. winger;  at  lov; 
concentrations  the  reverse  was  true.  The  deviations  are  too  small  to  be 
able  to  draw  further  conclusions,  The  relationships  would  be  different 
if  the  "further-removed"  inpingers  were  included  and  their  phage  count 
added  in.  later  insoluble  membrane  filters  -described  earlier-  are  less 
sensitive  in  demonstrating  phages  in  aerosols  than  are  impingers  and 
gelatin  filters.  Because  of  the  simplicity  of  evalution  (placing  the 
filters  on  agar  plates  and  reading  plaques  directly)  they  are  vciy  well 
suited  at  lov;  aerosol  concentrations.  They  are  also  suited  to  use  as  a 
control  for  a  few  phages. 

In  summary:  The  present  results  showed  that  the  instrumentation  and 
methods  are  capable  of  yielding  useful  and  reproducible  results.  Vie  were 
able  to  start  experiments  about  retention  properties  of  different  filters, 
fne  results  are  not  complete  as  yet.  This  will  be  referred  to  in  a  sub¬ 
sequent  report. 


H.  Brandis 
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